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Tit*  Dtamwitf  Or&ikac*  Fw««  L«b«r«tortra  Ut  a  rwmrelw  Ai9»}«|NMkM,  *3^ 
•agtiKtri^  ittstaUfeU^  ttwfar  tfe«  Jur tMUcttwi  Ite  CW«f  af  Or^MMica. 

Tlw  otamoad  Ordnaac*  Fmm  U^ratertet  warn  aateMiaiaN  tli*  OrdMw^  Carp*. 
Oapartroaat  of  iha  Army,  om  2T  Sw^taatbar  Tita  metcaa  far  HMaa  lAlMratariaa 

was  tiw  persaoMl  and  faciUtisa  tiea  Ordaaaee  Dtvialaiia  af  tba  SiatMaal  8iwa«u  ^ 
^aadarda. 

Typfcal  fietda  ti  aeUvity  at  tbe  Otamaad  <\Tdaaact  Fsm  LalMratorlaa  laclwla 
al«c^*oric*.  pttyatrs.  enaetetilca.  cten^atry.  aii4  appliad  matbaiMUes.  £pHi»^tts  of 
toptcif'  4ndrr  tbSM  aeUvlttes  sre  rat^Uoa  atad  ftald  atwiiea.  etre«tt  davieta.  ebawtlcal 
Droblrisj*.  aad  special  eleetitoa  deatfa.  The  isradtraaM  tacMa  all  pliaaas  frcm 
basic  ^searcb  to  product  design. 

Tb«  4tisetoe  c«I  the  Laboratories  is  to: 

I .  Conduct  H'seareh  and  development  in  the  varietts  ptqratcal  aeiatica  *a«!  »agi» 
aeering  fktids  directed  toward  maettng  the  militate  charaeiarisMea  fter  faaea  and 
related  items. 

a.  Provide  consuUinf  and  liaiaoti  services  as  r««iHlrwd  is  eemwctten  with  the 
davelopment,  production,  and  use  of  items  devatoped  in  the  laberah^riss,  or  of  sw- 
lated  items. 

3.  Fabricate  stodels  awl  prototypes  of  items  under  devetopmant  at  the 
laboratories. 

4.  Perform  developmental  testii^,  includii^  deetructivt  testt^  of  prototypes. 

5.  Serve  as  principal  Iteclear  Radiation  Sfeets  Research  <k^  to  investigate 
and  deterroine  susceptibiUty  ot  Orditr^  electronic  materief  %o  miclear  weapons 
radiation  environment,  mechanisms  <rf  thtwe  effects,  and  ways  ssd  mean*  <d  dsveie^- 
leg  tees  susceptible  materiel. 

8.  Maiatain  ami  operate  for  OCO  e  speeiai  library  of  teciwleal  anf:  ^Ofresa 
reports,  pressed  by  Army,  Navy,  Air  Force,  and  their  contractors. 

1 .  Perform  tJse  mdustrtel  l^gineer'ng  S:^pport  »fissk»  fee  alt  ^mtisulty  fuse 
items. 

S,  Administer  the  Department  of  il«  Army  Regkmal  Training  Cester  for  the 
Dlstriet  of  Colombia.  Virginia,  and  Uitr/Uud  region. 
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A  mu  Atcli*3»nioMiur«, 

•M  SA  ft  mltk  •  t  A/A*ta  itar*  Am  Am«i  M«t«iacd  «i«t  Itailt  at 
MnL«  Vita  fiia  ItM  ArtvM  •  mm  at  valocittna  fldH»va  aooo  Ipe. 

Vltti  aI1af*ti«M  Mda  U»  Iwai  tlia  drlvar  aactioa^  It  la  aaaaetad 

•t«a  MtMittaa  af  a«ar  tOOO  fpa  aatf  aatia  paaalfela  njwet  atiocA  piraaauraa 

af  aata  tAaa  I’aw^ter. 


A  MapartiMB  of  tAa  aaaaarad  awl  coapatad  piujacttla  valocitlaa  at 
raaa  taaparataia  m  ael;.  m  klgAar  tatmarataraa  la  iaciadad. 

1.  aWMCTlOA 


•alida  eaa  Ar  eoapaaaMd  atatlcally  sr  iyruaticullj .  la  gaa?r*!, 
tAa  (dialca  la  dataraiaad  Ajr  tAa  pvaaaofa  daatrad,  alaca  i^aaurau  of 
ovar  400,000  ata  ra^atfa  djraaalc  aatAoda  la  addttiaa,  tAara  ara 
tAaoaatical  dtffaraacaa  In  tAa  natara  of  tba  praaaaraa  fanaratad  ao 
tAat  for  apaclal  caaca  it  can  ba  daalraAla  to  proOuc*  lor  ^raasuras 
djpaaalcallp. 

At  0(MML  a  4->ln*-bofa  lifAt'itaa  fan  capaAla  of  4200>fpa  projactlla 
valocltlaa  Aaa  Itaan  avallaAla  fo*  atndlaa  of  tAa  aAoek  eoaproaaioe  of 
aollda  <raf  1).  tAa  daclalon  aaa  aadc  In  1000  to  incraaM  lAa  rMga 
of  aAoek  enapraaaloaa  Ap  kvtldlisK  a  aMll  blcAar-valoeitp  ligbt'fa*  gar. 

TAa  llchtnfaa  gam  Anllt  la  aaaantlallp  a  long  taba  eontalning  a 
acorad  dlapAraga  tAat  dl«idaa  a  AlcA>coaiH«aalon  aactloa  eallad  tAa 
drlrar  aactloa  froa  a  loa-praaanra  aactioo,  aklcA  la  avacuatad  and 
eoiittana  ^la  projactlla.  TAa  ruptura  of  tha  dlapAraga  ralaaaan  the 
ceoptaeaad  tfaa.Aallaa.aad  tAa  Mojiactlla  la  aeealarstad  doan  tAa 
avacaatad  awn  At  tba  aapoadtac  aaaaa,  vmil  It  Alta  tha  targat.  Flgura  1 
18  a  block  r^iagras  of  the  light -gaa  gun  apatan 

Dry  hallUK  gaa  fcaa  an  advantage  ovar  axploalvaa,  alnca  a  blaat  of 
drp  gas  la  sufficient  to  clean  out  particles  left  la  tha  gun  after  a 
ahot  and  the  Inert  character  of  drp  ballun  rasults  In  a  Ira  aroaion 
rata  of  tha  gun. 

Whan  a  rapidly  noviag  solid  collides  with  another  solid,  a  shock 
wave  la  gaaaratad.  0vieitdl**g  oo  tha  rollds,  shock  caaprasaiona  with 
prajauras  froa  15,U0C  to  7m,000  ata  ^re  easily  attained  with  tha  light* 
gos  gun.  TAa  prassur*  developed  (hiring  the  collision  betwaan  Ilka 
bodies  etn  than  be  dataraiaad  If  tha  velocity  of  tha  aoving  unit,  ahock- 
wava  velocity  la  tha  natarlal,  and  ttv#  change  la  voluaa  that  raaulta, 
aiakaoaa.  TAa  BMkitta*giigonlot  relationship  bataeaa  praeaura  end 
danalty  througt  a  aoraal  shock  wsva  is  gaaarslly  used  for  the  final 
praasure  dctarnlnation.  A  detallad  account  of  such  calculations  c.£s 
be  fotind  in  rafarance  2. 
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1I»  aheck  pm&sMitr*  4'«n«r«««<l  t»  m  t^mctioa  ot  Ut*  aatarlal  lBpaet«<l 
•Mi  tt»  tk*  valocitjr  vt  th»  9n»j«ctll»  ta  tb*  lltkt-fM 

•MM  i»  kf  tv  Af^viHc-pratumirM/^roJcctilc-'^iCkt  ratko  at 

Mktek  tb»  il*|«i«9M  niptui»s«  ttae*  t.'kia  sratto  m  twll  ••  th*  cbole* 

•f  MMtartMl  e^oa«&  l*  ilroctljr  caatrolioi  by  the  •xpcilavetar, 
fffmmam  tMuratci  iuriiic  aay  singl*  t««t  can  Im  la  »dvaae«. 

‘fhM*,  by  tb«  •royar  cbolce  of  tb«  variables,  tb«  final  valoeity  of  tba 
•ro^taetila  ani  tba  raavltaat  (MiMikraaaior  caa  ba  coatrollai.  Tba  praa- 
aara  la  tba  iMpcctai  awtarial  ttaa  ba  varlatf  eoatinua«aly  froa  vary 
••all  valuaa  to  praaauraa  coMpftrabl^  with  tboaa  raacbad  In  aatala  by 
ooMtaf.t  axplMivaa. 

Am  a  raaaarcb  tool,  tba  lifbt'^aa  gun  allows  ona  to  bridge  the 
prwatMtras  that  bava  baan  reported  by  various  authors  usiac  static 
praaaaa  and  Ibosa  using  dyarnic  cosiprassion.  As  a  result,  it  is  posslula 
to  cLaek  against  tba  publlsbad  data  at  both  ends  of  the  pressure 
spectrua. 

Tba  projectile  is  continually  guided  lAym  the  gun  until  the  ti»pact 
taVs  place,  and  as  a  result  the  allgnaent  oV  the  projectile  to  the 
target  surface  caa  be  bald  to  a  fraction  of  a  decree  fne  can  expect 
aroaioa  at  the  gun  exit  due  to  fragaentatlon  of  \Le  target  holder,  target 
and  projectile  at  lapact .  The  gun  exit  contains  a  teapered* staai  liner 
in  a  braaa  uection  that  can  be  ^ asily  replaced  if  dasuiged.  Figure  2 
ab.>va  tbc  eteel  11  >er,  target  holder,  and  claaplng  systea  for  the  target 
at  exit  of  th  tas  gua.  The  exit  sleeve  dlaaeter  ia  1/2  in.  larger 
H;haa  the  bore  of  the  gun  'uid  thus  allows  for  essentially  free  fligf.t  the 
inataitt  before  lapact.  Vbe  wuaxle  of  the  gun  extends  through  a  heavy 
reinforced  wall  into  «  (TUtcb  box  rcM.  To  allow  the  iapacta  to  be  vial- 
ble  and  to  occur  in  a  rsintrolled  a\,Moai>ttiere,  when  deaired,  an  additional 
18-in.  section  has  been  swde  tltat  can  be  attached  inatead  of  the  nozxle 
exit  sleeve.  This  section  (fi|;  3  and  4)  has  a  4  x  4  x  6-ln.  viaibie 
expansion  chawbar  that  caa  bo  evacuated  or  filled  with  a  particular  caa 
ladapandeasly  at  a  dasirad  pressure. 

The  gun  rootles  into  a  heavy  Metal  catch  box  in  the  reinforced 
concrete  roc.v^  ^Sitlgned  to  vittl^stand  the  sudden  over-pzweaure  of  the  driv¬ 
ing  gas  .<nd  &  tain  the  frag»vnts  and  shocks  produced  by  an  isipact.  Tbo 
eateb  box  root,  .tas  an  exhaust  fan  to  reatove  the  gaseous  products  of  the 
inpaci,  it  also  has  viewing  ports  cut  Invv  its  «-ln.  walls  to  allow 
casiaraa  to  be  set  up  outside  the  catch  b'.x  rooa  and  Htlll  naiw  record'' 
of  the  events  occurring  at  the  target. 

2.  SIOCgi^r^ICAl.  AAMNOMDrs 

«  I  I  a  ,  ■  I  -mu . . 

The  llgbt-gaa  son,  coMponoc*^s  of  which  are  shown  in  flirures  3  and  6, 
i*  basically  a  1  l/>*-in.  oo»o  •.taini-'-r-steel  pipe,  28  ft  long  with  a  1/4  in 
wall.  The  gufc  is  divided  li»tc  tro  sectt^iB  at  • '  ?  oreech;  one  side,  the 


4ri«wr  MCtiaiii)  is  •  ti  ioac.  tli*  litgb-prwnmr*  gu  is  cmt«iaed  in 
tliic  MctiM  tor  •  •eor^C  ^•^raga  of  8a>M*34  sloalmtii,  tooltf  in  a 
■sttol  clm^  mt  m«1«4  vltk  k-aitotoor  O  rlags.  Pigjroa  7  «ad  8  stoow 
tto*  dtaptowgf,  tko  clasplag  »dctlc?tt  udi  ttoo  aottood  of  locklsg  tli« 
oait  to  tke  i««t  of  tho  gun.  ttoo  l««igth  ot  tiio  liigti- 
gcoWKro  (jratM  vas  ctooaaa  to  iaaaro  tUat  reflacttona  from  the  back 
vail  of  ttoo  praaainrlaaa  tabo  ^ould  aot  roach  tho  projocti?o  boforo  it 
wargoi  fraa  ttoo  ovacuato^)'  ooctioa. 

la  aa  attoapt  to  actoio\*o  optiami  flow  ctoaractoriatica  after  tho 
dtaptoroiB  raptwro,  ttoo  brooch  ooctioa,  at  tho  oatranco  to  tho  ovacuatod 
aoetioa,  was  eoetoarod  tor  3/4  la.  to  allow  space  for  tho  folded  parts 
of  ttoo  raptarod  diaptoroga.  Ttoo  exact  shape  aad  depth  of  ttoo  grooves 
iaacrlhod  oa  ttoo  diaphrav*  had  to  so  selected  aad  proved  oxporiaoatal- 
Ij.  iBpropor  dosiga  woold  cause  a  tbrottliag  of  tho  gas  ia  this  critical 
area. 


The  evacuated  ooctioa  of  tho  (jUa  coataias  too  volocitr-dotocting 
ports,  lAich  eoataia  sealed  aagaotic  probes  snuatod  flush  with  the 
iasido  walla.  Tiioso  ports  are  13  i'.  apart  with  the  last  oao  4  in. 
frea  tho  iapact  soao  of  the  gua. 

The  fore  aoetioa  of  tho  sun  is  evacuated  bp  a  rotarr  puap  with  a 
speed  sf  4.S  1/aoc  at  1  x  lO'^asi  gg.  Tho  ialot  port  to  the  vaeuua 
srstoo  is  diroctlp  behiad  and  below  the  last  velocity  doteetcr.  Froa 
tb9  exit  pmrt  oa  the  gua  the  vaeuua  tiAiag  goes  through  a  aechaaical 
filter  (Its  prlaary  purpose  is  proteetioo  to  the  soloaotols  aad  vaeuua 
puap  froa  target  aad  projectile  fragaswts) ;  thea  through  a  soloaoid 
valve  to  a  tee  aoetioa.  Oao  tube  of  the  tee  goes  through  aaother 
soleiMad  valve  through  a  aaaual  ball  valve  to  a  Stokee-licLeod  vaeuua 
gage;  the  other  goes  through  a  cold  trap  past  a  tap  for  the  continously 
aeasuring  Piraai  gage,  then  to  the  vecuuw  puap. 

The  total  volaae  to  be  evacuated  is  1.3  1  aa  a  reault,  the  puapiag 
tiae  Is  lialted  oaly  by  the  type  of  vapora  in  the  aystoa.  Ia  practice, 
it  is  fouad  that  preaaarea  of  leas  than  top  gg  caa  he  achieved  ia  a^roxi- 
aatoly  IS  ala  froa  a  cold  start,  aad  this  presaure  can  aaaily  bo  aaintaioed 
for  the  aeeeseary  3  to  4  ain  after  the  vaeuua  aystoa  la  isolated  froa  the 
puap.  This  siloes  aufficiest  tiae  to  pressurise  the  high-pressure  chirtber 
sad  rupture  the  disphraga  rltbout  losing  the  desired  vaeuua  in  the  aussle 
sad  of  the  gua. 

3.  DIAPgPMMS 


Prr/vious  tests  at  various  installations  coafirasd  at  DOR.  havs 
Iwiieat^d  that  aaehined  scored  surfece?  could  be  designed  to  rupture 
v^vealy  and  quickly  with  little  interierence  to  the  flow,  gy  takin  - 
advaatage  of  the  practical  experience  gained  in  deetgaing  a  quick-opsninf; 
(Haptoraga  at  DQVL,  it  was  possible  to  sake  scored  0.083-ia.  32  gg  34 
sluainua  disks  that  would  perfora  ..a  required.  These  disks  were  found 
to  be  aatisfastory  at  pressures  froa  1300  pel  to  2000  pel. 
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Ito  iMrtia  of  tht  MctJonc  of  the  dimptarafa  (l.«.  the  thickness 
of  the  displmo  nad  the  feoaetry  of  the  cuts),  as  well  as  the  rigidity 
of  the  Mtorial  chosen,  detemine  the  tine  for  a  good  design  to  open 
coi^ilotoly  (f ron  10  to  120  Musec). 

At  lower  pressures  the  petals  did  not  fold  back  coopletely  and  the 
final  velocity  of  the  projectile  was  reduced.  The  scored  design  chosen 
was  in  the  fom  of  a  crosa  with  inconplete  arcs  across  the  end  c-f  each 
am.  Figure  9  shows  the  scored  diaphragm  before  and  after  use. 
fragnentation  was  ever  observed  during  tests  using  this  configuration. 

4.  OmATlON 


The  target  assenbly  is  Installed  in  the  auazle  sleeve  with  the 
0  ring  seal  in  place.  Figure  10  shows  the  tsrget-retalnf.ng  systea. 

‘Hm  catch  box  rooa  is  cloced  and  the  warning  sign  is  placed  over  the 
door.  The  diaphragm  and  projectile  are  loaded  at  the  breech  and  the 
gun  ia  seeled.  The  vacuus  puap  is  now  turned  on.  When  tliw  desired 
vacuum  is  reacb«d,  the  solenoid  that  cuts  off  the  puap  from  the  gun 
is  actuated  and  the  alam  buazer  is  pressed.  InaMdiately  afterwards, 
high-pressure  helium  is  admitted  to  the  breech  side  of  the  diaphragm. 
The  moment  of  firing  is  governed  by  the  rupture  of  the  diaphragm,  which 
allows  the  hi^ly  compressed  gas  to  flow,  driving  the  projectile 
before  it.  The  sound  of  the  rupture  is  the  signal  to  allow  the  open 
valve  from  the  compressed  gas  storage  tank  to  close.  The  impact  of 
the  projectile  on  the  target  takes  place  a  few  milliseconds  after  the 
rupture  of  the  diaphragm. 

The  dimensions  of  the  gun  bore  are  regular  enough  to  allow  the 
projectile  to  be  machined  to  close  tolerances.  Tor  the  light-gan  gun, 
the  projeclllw  is  a  bwliOs  aerial  cylliidw*  wttOmm  weight  VCrioS  frOS  ft 
loe  Of  g  gr  to  a  high  of  SO  gr,  depending  on  the  reguirementa  of  tha 
experiment.  The  beck  edge  of  the  projectile  in  punched  0.010  in.  deep 
nt  tkree  plncea  to  fom  three  little  prooga  120o  apart  idilch  pmvast 
the  unit  from  sliding  freely  beyond  the  relieved  nres  of  the  breech 
(fig  9).  The  sudden  gnn  pressure  sheers  these  prongs  off  nod  drives 
the  projectile  down  the  gun.  A  1-in.  projectile  hns  sufficient  elear- 
aaee  between  it  end  the  gun  bom  to  make  possible  n  tilt  of  10  min  of 
arc  ia  its  alignment  in  the  gun.  Actually,  due  to  wall  effecta,  one 
would  expect  an  even  sanller  degree  of  tilt  of  the  projectile's  major 
axis  during  flight.  As  a  result,  the  iapset  sa^le  can  be  predetemined 
within  10  -min  by  the  initial  position  of  the  target  plate. 

s.  TMuaerrr  mAmman 


The  velocity  of  the  projectile  is  dsterair.ed  as  it  passes  two 
magnetic  inductive  probes  1  ft  apart.  The  velocity  thus  detemined  is 
slightly  less  than  the  possible  velocity  at  impact,  since  the  projectile 
ia  still  accelerating  after  it  passes  the  last  probe,  gee'e  probe  is 
bssicslly  s  cell  of  wire  wound  about  n  small  permanent  aagnet;  changes 
in  tka  nagnetic  field  flux  induce  a  voltage  in  the  cof{.  These  pi:kups 
have  the  advantage  of  slaplicity  of  operat  on,  requiring  no  anpllfiers 


to  trlccor  eotmtors.  la  practice,  slnco  the  voltaee  output  la  ralated 
to  Uw  r»ir  o£  of  flux  at  projoetile  valoeit^aa  of  More  tlian 

MOO  fpi»,  tlM  ^nbea  flee  an  output  pulM  of  More  than  160  v.  The 
out  ait  pulaoe  froM  ths  probes  are  used  to  trigger  a  Isiitlejr  T70  Tlue 
latt.nral  Oouater  aad  also  are  continuously  displayed  on  a  555  dual-bean 
Thfctreuix  scope.  Ihotogra^s  are  taken  of  the  sueep  sl^l  on  the 
so^  face.  In  this  way  we  can  detemine  the  velocity  of  the  projectile 
by  the  counter,  as  well  as  Monitor  the  output  of  each  pickup  during  the 
entire  flight.  The  shape  of  the  output  pulse  can  be  related  to. the 
riuipe  and  condition  of  the  projectile.  Snowing  the  sccpe  sweep  rate, 
the  velocity  of  the  projectile  can  be  checked  independently  by  neasur- 
iug  the  tine  between  the  probe  pulses  as  recorded  on  film. 

6.  IVSCLTS 


The  theory  used  in  designing  the  sec .ion  lengths  of  the  single- 
stsge  light-gas  gun  can  be  found  in  the  appendix  of  reference  3.  The 
operation  of  the  gun  was  checked  by  conpariag  the  predicted  projectile 
velocities  with  the  Measured  velocities.  Figure  11  shows  both  the 
thsoreticsl  values  calculated  and  the  experlMsntal  valocitles  aeasurec 
(htriag  the  vasts  of  this  design.  As  esc  be  seen,  the  results  at  roon 
tsMpsraturea  indicate  reaeonshly  close  agresnsnt  up  to  5M0  fps. 

With  the  addition  of  a  supply  3500-psl.  hsliua  gas,  it  should 
hs  possible  in  the  near  future  to  drive  12-gr  projectiles  at  vslocitiss 
of  ovor  5000  fps. 

Thus  far,  all  tosrg  haw  bsen  nado  using  hollow  aluMinun  prcjoctiles. 
nastic  projectllos  with  astal  insorts  could  ho  dsslgned  to  eei^  shout 
3  gr,  aad  (it  thsory)  if  thoy  roasin  in  oas  place,  will  iacresee  the 
peak  velocity  to  5500  fps. 

Csicuiatioas  based  on  a  pcrfewl  s***  ludlcate  tbat  beating  tnc 
driver  gas  should  give  a  large  increase  in  the  possible  asxlMua  velocity. 
Figure  10  ahoes  the  velocities  possible  for  various  pressuiw^anss  Ratios 
St  four  teapsmtures:  nomsl  roon  tsi^>ersture  TrC  to  37  C  or  JOO  E  sad 
sinpls  Multiples  of  this  absolute  teoperature,  600^-327®C,  900^-«27®C 
sad  1200*^-f37^. 

7.  31FHIF3B1 


1.  The  4-^in.  Litht-Oas  Own,  S.  B.  KollMsyer,  OOFL  *71-933  (Aug  61) 

Bolid  State  Fhysice  Wol  6,  1959,  Acadenin  Press  -  pp  1  -  63 

3.  gtroag  Ihoch  Waves  in  Pollsd  larluM  Titanata  Sleseats,  P.  S. 
Brody,  DOn.  TB-4®  (20  Oct  60} 


(NfflijiiiMisi-tAiiwimM 


10 


ricur*  1.  Light fU'i  fiystoM 
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Target-Viewing  chaiAer 
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Flfur*  6.  Target  holder 


i(trws»lWflW7'¥fr-'% 


Figyfe  7,  Diaphragm-retaining  system,  oi>en  3364-60 


Figure  8.  i31«phraga-rctaining  systi 


Figure  10,  Target -Retaining  System 
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